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(54) Fuel Injector 

(57) A fuel injector for use in an injector arrange- 
ment including a pumping plunger (50), a pump cham- 
ber (52) and a spill valve arrangement (40) controlling 
communication between the pump chamber (52) and a 
low pressure fuel reservoir. The fuel injector comprises 
a valve needle (1 2) which is engageable with a seating 
to control fuel delivery through a fuel injector outlet 
opening, a first control chamber (25) being arranged 
such that the fuel pressure therein acts on a surface as- 
sociated with the valve needle (1 2) and a second control 
chamber (44) being arranged such that fuel pressure 
therein acts on a surface associated with the spill valve 
arrangement (40). The injector further comprises a pie- 
zoelectric actuator arrangement including a piezoelec- 
tric element (32) having first and second ends, the first 
end being associated with the spill valve arrangement 
(40) and the second end being associated with the valve 
needle (12) such that, in use, operation of the spill valve 
arrangement (40) and movement of the valve needle 
(12) is controlled by controlling the energisation level of 
the piezoelectric element (32). 
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Description 

[0001] This invention relates to a fuel injector for use 
in supplying fuel, under pressure, to the cylinders of an 
internal combustion engine. 

[0002] A known fuel injector arrangement comprises 
a plunger reciprocable within a plunger bore provided in 
a housing to pressurise fuel located within a pump 
chamber defined by the plunger bore. The plunger bore 
communicates with a fuel pressure actuated injector 
such that, once the fuel pressure within the plunger bore 
exceeds a predetermined level, the injector opens and, 
thus, fuel injection commences. 
[0003] In order to permit independent control of the 
injection pressure and the timing of injection, it is known 
to provide a spill valve which communicates with the 
pump chamber, and an injection control valve which 
controls fuel pressure within a control chamber defined, 
in part, by a surface associated with a valve needle of 
the injector to control movement of the needle. In use, 
the spill valve remains open during initial inward move- 
ment of the plunger. Subsequently, the spill valve is 
closed, further inward movement of the plunger pressu- 
rising the fuel within the pump chamber. When injection 
is to commence, the injection control valve is actuated 
to connect the control chamber to a low pressure drain 
thus permitting movement of the needle away from its 
seating to commence fuel injection. 
[0004] European Patent Application No 0840003 de- 
scribes a fuel injector of the aforementioned type, in- 
cluding a spill valve arrangement, which is controlled by 
means of a first actuator, and an injection control valve, 
which is controlled by means of a second actuator. As 
the fuel injector requires two actuator arrangements to 
independently control the spill valve and the injection 
control valve, the cost of the injector is high, particularly 
if piezoelectric actuators are employed. 
[0005] European Patent Application No 0905719 de- 
scribes a method of independently controlling the spill 
valve and the injection control valve of a fuel injector by 
means of a single, electromagnetic actuator arrange- 
ment. When it is desired to pressurise fuel within the 
pump chamber, the spill valve is closed by energising 
the actuator to a first, relatively low energisation level, 
during which stage of operation the injection control 
valve remains closed to low pressure. In order to com- 
mence fuel injection, the actuator is energised to a sec- 
ond, higher energisation level to open the injection con- 
trol valve to low pressure. When the injection control 
valve is open to low pressure, the fuel injector valve nee- 
dle is moved inwardly to permit fuel injection through 
outlet openings provided in the fuel injector nozzle body. 
[0006] In order to permit full filling of the pump cham- 
ber and to minimise the volume of the plunger bore and 
maximise the peak fuel pressure, it is desirable to locate 
the spill valve in close proximity to the plunger. In addi- 
tion, it is desirable to locate the injection control valve in 
close proximity to the valve needle as this improves the 



response of the valve needle. However, it is difficult to 
satisfy both of these requirements using the fuel injector 
arrangements described hereinbefore. 
[0007] It is an object of the invention to provide a fuel 
s injector which alleviates this problem. 

[0008] According to the present invention there is pro- 
vided a fuel injector for use in an injector arrangement 
including a pumping plunger and a pump chamber and 
a spill valve arrangement controlling communication be- 
io tween the pump chamber and a low pressure fuel res- 
ervoir, the fuel injector comprising a valve needle en- 
gageable with a seating to control fuel delivery through 
a fuel injector outlet opening, a first control chamber be- 
ing arranged such that the fuel pressure therein acts on 
15 a surface associated with the valve needle and a second 
control chamber being arranged such that fuel pressure 
therein acts on a surface associated with the spill valve 
arrangement, and a piezoelectric actuator arrangement 
including a piezoelectric element having first and sec- 
ond ends, the first end being associated with the spill 
valve arrangement and the second end being associat- 
ed with the valve needle such that, in use, operation of 
the spill valve arrangement and movement of the valve 
needle is controlled by controlling the energisation level 
of the piezoelectric element. 

[0009] The invention provides the advantage that only 
a single piezoelectric actuator arrangement is required. 
This reduces the cost of the fuel injector. Additionally, 
the spill valve and the control chamber associated with 
the valve needle can both be located in close proximity 
to the piezoelectric actuator arrangement. Thus, the re- 
sponse of the valve needle is improved. 
[001 0] The fuel injector conveniently includes first and 
second piston members, the first piston member being 
moveable with the first end of the piezoelectric element 
and the second piston member being movable with the 
second end of the piezoelectric element, movement of 
the first and second piston members being controlled by 
varying the energisation level of the piezoelectric ele- 
ment. 

[001 1 ] Conveniently, the first and second piston mem- 
bers are slidable within first and second bores respec- 
tively. The first bore may define, in part, the first control 
chamber and the second bore may define, in part, the 
second control chamber. Movement of the first piston 
member within the first bore varies the volume of the 
first control chamber and movement of the second pis- 
ton member within the second bore varies the volume 
of the second control chamber. 

[0012] The first piston member may have a smaller 
diameter than the second piston member such that de- 
energisation of the piezoelectric element to a first ener- 
gisation level causes movement of the second piston 
member to close the spill valve arrangement and further 
de-energisation of the piezoelectric element to a sec- 
ond, lower energisation level causes movement of the 
first piston member to move the valve needle away from 
the seating. 
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[001 3] Alternatively, the first piston member may have 
a diameter greater than the diameter of the second pis- 
ton member such that energisation of the piezoelectric 
element to a first energisation level causes movement 
of the second piston member to close the spill valve ar- 
rangement and further energisation of the piezoelectric 
element to a second, higher energisation level causes 
movement of the first piston member to move the valve 
needle away from the seating. 

[0014] In one embodiment of the invention, the fuel 
injector may further comprise an injection control valve 
arrangement including a control valve member and a 
third control chamber for fuel, a surface of the control 
valve member being exposed to fuel pressure within the 
third control chamber, the control valve member being 
engageable with a further seating to control fuel pres- 
sure within the first control chamber. 
[0015] Conveniently, the spill valve arrangement 
comprises a spill valve member which is slidable within 
a further bore defining, in part, an additional chamber. 
The spill valve member may be engageable with a fur- 
ther seating to control communication between the ad- 
ditional chamber and a low pressure fuel reservoir. Al- 
ternatively, the additional chamber may communicate 
directly with a low pressure fuel reservoir. 
[0016] In an alternative embodiment, the first control 
chamber may be arranged to communicate directly, by 
means of a first restricted flow path, with a supply pas- 
sage for supplying fuel under high pressure to the injec- 
tor. 

[001 7] The second control chamber may be arranged 
to communicate directly, by means of a second restrict- 
ed flow path, with a supply passage for supplying fuel 
under high pressure to the injector. 
[0018] The piezoelectric actuator arrangement may 
include a single piezoelectric element or may include a 
stack of piezoelectric elements. 
[0019] The valve needle may be of the inwardly or out- 
wardly opening type. 

[0020] The invention will now be described, by way of 
example only, with reference to the accompanying 
drawings, in which: 

Figure 1 is a cross-sectional view of a fuel injector 
in accordance with an embodiment of the present 
invention; 

Figure 2 is a schematic view of the fuel injector in 
Figure 1 ; 

Figure 3 is a cross-sectional view of an alternative 
embodiment; and 

Figure 4 is a schematic view of the fuel injector in 
Figure 3. 

[0021] Referring to Figures 1 and 2, the fuel injector 
includes a valve needle 1 2 which is reciprocable within 



a bore 1 1 provided in a nozzle body 1 0. The valve needle 
12 is engageable with a seating defined by the bore 11 
to control fuel delivery through one or more outlet open- 
ings (not shown) provided in the nozzle body 1 0. The 

s bore provided in the nozzle body 1 0 includes a region 
of enlarged diameter which defines an annular chamber 
14, fuel being supplied to the annular chamber 14 by 
means of a supply passage 1 6, in use. The valve needle 
12 is provided with one or more thrust surfaces 12a 

10 which are exposed to fuel pressure within the annular 
chamber 14. 

[0022] The upper end of the nozzle body 10 abuts a 
distance piece 18 which is provided with a bore 20 of 
stepped form, a first piston member 22 being slidable 

15 within an upper region of the bore 20. The bore 20 in- 
cludes a region having a diameter greater than that of 
the piston member 22, and includes a region of reduced 
diameter which communicates with a recess 26 provid- 
ed in the upper end face of the nozzle body 1 0, the re- 

20 cess 26, the lower end face of the piston member 22 
and the bore 20 together defining a first control chamber 
25 for fuel. In use, fuel pressure within the control cham- 
ber 25 acts on the upper end face of the valve needle 
12 and serves to urge the valve needle 12 in a down- 

25 wards direction in the illustration shown against the 
seating defined by the bore 1 1 . As indicated in Figure 2, 
the upper end face of the valve needle 12 and the lower 
end face of the distance piece 1 8 together define a clear- 
ance gap, D1 , which serves to limit the extent of move- 

30 ment of the valve needle 1 2 within the bore 1 1 . Addition- 
ally, the lower end face of the first piston member 22 and 
the bore 20 together define a second clearance gap, D2, 
which serves to limit the extent of movement of the pis- 
ton member 22 within the bore 20, the bore 20 being 

35 provided with a step which defines a stop for the piston 
member 22 when the piston member 22 has moved 
through a distance equal to D2 in a downward direction, 
in the illustration shown. 

[0023] The distance piece 1 8 is provided with a drilling 
^0 which forms part of the supply passage 1 6 for fuel. As 
shown in Figure 2, the supply passage 16 communi- 
cates, by means of a restricted passage 28, with the first 
control chamber 25. The control chamber 25 is also sup- 
plied with high pressure fuel through leakage from the 
45 bore 1 1 . Alternatively, the control chamber 25 may com- 
municate with the supply passage 16 through leakage 
alone, rather than by providing the restricted passage 
28. 

[0024] The distance piece 1 8 abuts a housing 30 with- 
50 jn which a piezoelectric actuator arrangement is ar- 
ranged, the piezoelectric actuator arrangement includ- 
ing a piezoelectric stack 32 which is housed within a 
chamber 33 defined within the housing 30. In use, the 
energisation level, and hence the axial length, of the pi- 
55 ezoelectric stack 32 may be varied by varying the volt- 
age applied to the stack 32. One end of the piezoelectric 
stack 32 is in connection with the piston member 22, the 
other end of the piezoelectric stack 32 being in connec- 



3 




5 

tion with a second piston member 34 which is recipro- 
cable within a bore 36 provided in the housing 30. The 
piezoelectric stack is housed within a chamber which is 
connected, by means of a passage 37, to a low pressure 
fuel reservoir or drain. Thus, in use, any fuel under high 
pressure which leaks into the chamber housing the pi- 
ezoelectric stack 32 is able to escape to low pressure 
through the passage 37. 

[0025] At its end remote from the distance piece 1 8, 
the housing 30 abuts a further housing 38 for a spill valve 
arrangement, the spill valve arrangement including a 
spill valve member 40 including a region 40a of enlarged 
diameter, a region 40b of reduced diameter and an in- 
termediate region 40c of further reduced diameter. The 
spill valve member 40 is slidable within a through bore 
39 of stepped form provided in the housing 38. The di- 
ameter of the spill valve member region 40b is substan- 
tially the same as the diameter of the adjacent part of 
the bore 39 such that movement of the spill valve mem- 
ber 40 is guided within the bore. The upper surface of 
the enlarged region 40a of the spill valve member 40 
and the step in the bore 39 together defining a clearance 
gap, D3, which serves to limit the extent of movement 
of the spill valve member 40 within the bore 39. A sur- 
face of the spill valve member 40 defined between the 
intermediate region 40c and the region 40b is engage- 
able with a valve seating defined by the bore 39 to con- 
trol communication between the supply passage 1 6 and 
a chamber 42 defined by a region of the bore 39. The 
chamber 42 communicates with the low pressure fuel 
reservoir by means of a flow passage 43. 
[0026] It will be appreciated that the enlarged region 
40a and the intermediate region 40c of the spill valve 
member 40, or the intermediate region 40c and the re- 
gion 40b of the spill valve member 40, may be integrally 
formed. Alternatively, the regions 40a, 40b and 40c of 
the spill valve member 40 may be separate components 
which are held together by forces due to fuel pressure 
or by means of biasing springs. 
[0027] The lower end face of the enlarged region 40a 
of the spill valve member 40, the bore 36 provided in the 
housing 30 and the upper end face of the piston member 
34 together define a second control chamber 44 for fuel, 
the chamber 44 being in communication with the supply 
passage 1 6 by means of a restricted passage 46, as 
indicated in Figure 2. The diameter of the first piston 
member 22 is slightly smaller than the diameter of the 
second piston member 34. Thus, the effective surface 
area of the piston member 22 exposed to fuel pressure 
within the chamber 25 is slightly smaller than the effec- 
tive surface area of the second piston member 34 ex- 
posed to fuel pressure within the chamber 44. 
[0028] The housing 38 abuts, at its end remote from 
the housing 30, a further housing 47, the nozzle body 
10, the distance piece 18 and the housings 30, 38, 47 
being received within a cap nut 51. The housing 47 is 
provided with a bore 48 which defines a pump chamber 
52 for fuel. A pumping plunger 50 is reciprocable within 



the bore 48 to vary the volume of the pump chamber 52, 
the pumping plunger 50 being cooperable with a cam 
arrangement (not shown) which is carried by a drive 
shaft such that, upon rotation of the drive shaft, recipro- 
s eating motion is transmitted to the pumping plunger 50. 
The bore 48 communicates with the low pressure fuel 
reservoir by means of a flow passage 49 provided in the 
housing 47. 

[0029] The pump chamber 52 communicates with the 
supply passage 16 such that, in use, during outward 
movement of the pumping plunger 50 within the bore 48 
and with the spill valve member 40 in its open position, 
fuel is drawn into the pump chamber 52, subsequent in- 
ward movement of the pumping plunger 50 within the 
bore 48 causing fuel to be expelled from the pump 
chamber 52, past the valve seating, into the chamber 
42 and to the low pressure fuel reservoir. If the spill valve 
member 40 is moved to its closed position, fuel within 
the pump chamber 52 is unable to flow to low pressure 
such that inward movement of the pumping plunger 50 
within the bore 48 causes pressurisation of fuel within 
the pump chamber 52, high pressure fuel therefore be- 
ing supplied through the supply passage 1 6 to the down- 
stream parts of the fuel injector. 

[0030] In use, starting from a position in which the pi- 
ezoelectric stack 32 is energised to a higher energisa- 
tion level, and with the spill valve member 40 in its open 
position, fuel within the pump chamber 52 is able to es- 
cape to low pressure as the pumping plunger 50 recip- 
rocates within the bore 48. Fuel within the pump cham- 
ber is able to flow through the supply passage 1 6 into 
the annular chamber 14, into the first control chamber 
25 through the passage 28, and through leakage from 
the bore 11, and into the second control chamber 44 
through the passage 46. Fuel pressure within the cham- 
ber 25 acts on the upper end face of the valve needle 
1 2 and, as the effective area of the end face of the valve 
needle 1 2 exposed to fuel pressure within the chamber 
25 is greater than the effective area of the thrust surface 
1 2a exposed to fuel pressure within the chamber 1 4, the 
valve needle 12 is urged against the seating to prevent 
fuel delivery through the outlet openings provided in the 
nozzle body 1 0. Thus, fuel injection does not take place. 
It will be appreciated that the valve needle 12 may also 
be urged against its seating by means of a compression 
spring (not shown) in a conventional manner. Fuel within 
the passage 43 and in the control chambers 25, 44 is at 
a higher pressure than fuel within the passage 37 and 
the chamber 33 and, as the piston member 34 has a 
larger effective area exposed to fuel pressure than the 
piston member 22, the net force on the piezoelectric 
stack 32 is therefore in a downwards direction causing 
the piston member 22 to be urged in a downwards di- 
rection to close the clearance gap D2. 
[0031] When fuel pressurisation is to be commenced, 
the actuator is partly de-energised to a first, reduced en- 
ergisation level causing the length of the piezoelectric 
stack 32 to contract to a first, reduced length. As the 
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diameter of the piston member 34 is slightly greater than 
the diameter of the piston member 22, the effective area 
of the piston member 34 exposed to fuel pressure within 
the chamber 44 is greater than the effective area of the 
piston member 22 exposed to fuel pressure within the 
chamber 25. Thus, as a result of the contraction in length 
of the piezoelectric stack 32 to the first, reduced length, 
the second piston member 34 will be caused to move 
by a greater amount than the piston member 22 which 
should remain against its stop defined by the bore 20. 
As a result, the volume of the chamber 44 is increased 
such that fuel pressure within the chamber 44 reduces, 
fuel only being supplied to the chamber 44 at a restricted 
rate through the restricted passage 46. The force ap- 
plied to the end face of the enlarged region 40b of the 
spill valve member 40 is therefore reduced, fuel pres- 
sure within the pump chamber 52 acting on the end face 
of the region 40b of the spill valve member 40 so as to 
urge the spill valve member 40 against its seating to 
close communication between the supply passage 1 6 
and the low pressure fuel reservoir. Thus, during con- 
tinued inward movement of the pumping plunger 50 
within the bore 48, fuel pressure within the pump cham- 
ber 52 increases and fuel under high pressure is deliv- 
ered through the supply passage 1 6 to the downstream 
parts of the fuel injector. 

[0032] When fuel injection is to be commenced, the 
piezoelectric actuator is further de-energised to a sec- 
ond, further reduced energisation level, the length of the 
piezoelectric stack 32 thereby contracting to a further 
reduced, second length. As the spill valve member 40 
is seated, any further contraction of the length of the pi- 
ezoelectric stack 32 gives rise to a relative reduction in 
fuel pressure within the control chamber 44 to permit the 
piston member 22 to move away from its stop defined 
by the bore 20. Thus, as fuel is only able to flow into the 
chamber 25 at a restricted rate through the restricted 
passage 28, when the piezoelectric stack 32 is further 
contracted, the first piston member 22 is moved in an 
inwards direction in the illustration shown in Figure 1 , 
thereby increasing the volume of the chamber 25. The 
force applied to the upper end face of the valve needle 
1 2 is thereby reduced, fuel pressure within the chamber 
14 acting on the thrust surface 12a of the valve needle 
12 and serving to urge the valve needle 12 in an up- 
wards direction away from the seating to permit fuel de- 
livery through the outlet openings provided in the nozzle 
body 1 0. Fuel is therefore injected into the engine cylin- 
der or other combustion space. Movement of the valve 
needle 1 2 away from its seating is limited by the clear- 
ance gap, D1, defined between the upper end face of 
the valve needle 12 and the distance piece 1 8. 
[0033] In order to cease fuel injection, the actuator ar- 
rangement is re-energised to the first energisation level, 
thereby increasing the length of the piezoelectric stack 
32 to the first length. The piston member 22 is therefore 
caused to move downwardly within the bore 20 to re- 
duce the volume of the chamber 25, fuel pressure within 



the chamber 25 thereby being increased. Thus, the 
force applied to the upper end face of the valve needle 
12 is also increased and is sufficient to overcome the 
force applied to the thrust surface 12a of the valve nee- 
5 die 1 2 such that the valve needle 1 2 is returned to its 
seated position. Thus, fuel delivery through the outlet 
openings ceases. During this stage of operation, as the 
length of the piezoelectric stack 32 is increased, the sec- 
ond piston member 34 is moved upwardly to reduce the 
10 volume of the chamber 44. However, although fuel pres- 
sure within the chamber 44 increases, the force on the 
enlarged region 40a of the spill valve member 40 is in- 
sufficient to overcome the downward force on the region 
40b of the spill valve member 40 due to fuel pressure 
is within the chamber 52. The spill valve member 40 there- 
fore remains seated against its seating to maintain fuel 
pressurisation within the pump chamber 52. 
[0034] In order to cease fuel pressurisation, the pie- 
zoelectric stack is energised to the initial, higher ener- 
gisation level to increase the length of the piezoelectric 
stack 32 to the initial length, the piston member 34 there- 
fore being moved in an upwards direction to reduce the 
volume of the chamber 44. Fuel pressure within the 
chamber 44 therefore increases, the force on the en- 
larged region 40a of the spill valve member 40 due to 
fuel pressure within the chamber 44 being sufficient to 
overcome the downward force on the region 40b of the 
spill valve member 40 due to fuel pressure within the 
chamber 52 such that the spill valve member 40 is urged 
away from its seating to open communication between 
the supply passage 1 6 and the low pressure fuel reser- 
voir. Thus, continued inward movement of the pumping 
plunger 50 within the bore 48 does not result in pressur- 
isation of fuel. 

[0035] During the fuel injecting stage, it may be pref- 
erable to de-energise the piezoelectric actuator to an 
energisation level slightly less than the second energi- 
sation level to ensure a net flow of fuel into the chamber 
25 from the supply passage 16 is maintained. Thus, 
when fuel injection is to be ceased, and the piezoelectric 
stack 32 is re-energised, closure of the valve needle 12 
against its seating is assured before the piston member 
22 reaches its stop defined by the bore 20. 
[0036] By utilising both ends of the piezoelectric stack 
to control movement of the spill valve member 40 and 
the valve needle 1 2 respectively, both the spill valve and 
the valve needle can conveniently be located in close 
proximity to the pump chamber 52 and the control cham- 
ber 25 respectively. Thus, the response of the valve nee- 
dle is improved. Additionally, as only one piezoelectric 
actuator is required, the cost of the fuel injector is re- 
duced significantly. 

[0037] In the embodiments of the invention shown in 
Figures 1 and 2, the control chambers 25, 44 commu- 
nicate directly, via the restricted passages 28, 46 re- 
spectively, with the supply passage 1 6. As shown in Fig- 
ures 3 and 4, in an alternative embodiment the fuel in- 
jector includes an injection control valve arrangement 
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including a control valve member 60 which is slidable 
within a bore 62 provided in a fuel injector housing 67. 
The fuel injector includes a first piston member 22a and 
a second piston member 34a, the first piston member 
22a having a diameter slightly greater than the diameter 
of the second piston member 34a. 
[0038] The control valve member 60 has an end face 
which is exposed to fuel pressure within a third control 
chamber 64, the control valve member 60 being en- 
gageable with a seating defined by the bore 62 to control 
communication between the supply passage 1 6 and the 
control chamber 25. Thus, the supply passage 1 6 does 
not communicate directly with the control chamber 25, 
as is the case in the embodiment shown in Figures 1 
and 2, the control chamber 25 being connected, via a 
restricted passage 69, to the low pressure fuel reservoir. 
A spring 66 is housed within the bore 62, the spring 66 
serving to urge the control valve member 60 away from 
its seating to open communication between the supply 
passage 16 and the chamber 25. 
[0039] The chamber 42 defined by the bore 39 also 
does not communicate directly with the low pressure fu- 
el reservoir, communication between the chamber 42 
and the low pressure fuel reservoir being controlled by 
means of the spill valve member 40, fuel being able to 
flow between the low pressure fuel reservoir and the 
chamber 42 by means of a restricted passage 65 when 
the spill valve member 40 is lifted away from its seating. 
The spill valve member 40 is urged away from the valve 
seating defined by the bore 39 by means of a spring 63 
housed within an end of the bore 39. Between fuel in- 
jections, the control chambers 44, 64 fill with fuel 
through leakage and, as the piston member 34a has a 
smaller effective area exposed to fuel pressure than the 
piston member 22a, and as the chamber within which 
the piezoelectric stack 32 is housed communicates with 
the low pressure fuel reservoir, the piezoelectric stack 
32 will be moved upwardly until the piston member 22a 
reaches its stop defined by a bore in the housing 67. 
[0040] In use, when fuel press urisation is to be com- 
menced, the piezoelectric actuator is energised to a first, 
relatively low energisation level, to extend the length of 
the piezoelectric stack 32. As the effective area of the 
piston member 22a exposed to fuel pressure within the 
chamber 64 is greater than the effective area of the pis- 
ton member 34a exposed to fuel pressure within the 
chamber 44, the piston member 34a is moved in an up- 
wards direction within the bore 36, thereby reducing the 
volume of the chamber 44. Thus, fuel pressure within 
the chamber 44 is increased and is sufficient to over- 
come the spring force due to the spring 63, the spill valve 
member 40 therefore being urged against its seating to 
close communication between the pump chamber 52 
and the low pressure fuel reservoir. Continued, recipro- 
cal motion of the pumping plunger 50 within the bore 48 
therefore causes pressurisation of fuel within the pump 
chamber 52. 

[0041] When fuel injection is to be commenced, the 



piezoelectric actuator is energised to a second, higher 
energisation level to further increase the length of the 
piezoelectric stack 32. As the spill valve member 40 is 
seated and the control chamber 44 is closed, the first 
5 piston member 22a is caused to move downwardly with- 
in the bore 20, reducing the volume of the chamber 64 
and increasing fuel pressure therein. The force applied 
to the end face of the control valve member 60 exposed 
to fuel pressure within the chamber 64 is therefore in- 
fo creased and is sufficient to overcome the force due to 
the spring 66, the control valve member 60 thereby be- 
ing urged against its seating to close communication be- 
tween the supply passage 16 and the control chamber 
25. 

15 [0042] Thus, during this stage of operation, fuel pres- 
sure within the control chamber 25 is reduced, thereby 
reducing the force applied to the upper end face of the 
valve needle 12. The valve needle 12 is therefore lifted 
away from its seating due to fuel pressure within the 
chamber 1 4 acting on the thrust surface 1 2a. With the 
valve needle 12 lifted away from the seating fuel injec- 
tion takes place through the outlet openings provided in 
the nozzle body. It will be appreciated that, although the 
separate fuel injector housing components are not 
shown in Figure 3, the fuel injector may comprise similar 
housing components to those shown in Figure 1. 
[0043] By utilising both ends of the piezoelectric stack 
to control movement of the spill valve member and the 
control valve member, both the spill valve and the con- 
trol valve can be located in close proximity to the pump 
chamber 52 and the control chamber 25 respectively. 
Additionally, only one piezoelectric actuator arrange- 
ment is required, thereby reducing the cost of the fuel 
injector. 

[0044] In an alternative embodiment to that shown in 
Figure 3 and 4, a surface associated with an outwardly 
opening valve needle may be exposed to fuel pressure 
within the control chamber 64 such that, when the pie- 
zoelectric stack is energised to cause movement of the 
piston member 22a and an increase in fuel pressure 
within the chamber 64, the force applied to the surface 
associated with the valve needle is also increased to 
move the valve needle outwardly, thereby permitting fu- 
el delivery into the engine cylinder or other combustion 
space. 

[0045] It will be appreciated that the piezoelectric ac- 
tuator arrangement need not include a stack 32 of pie- 
zoelectric elements, but may include a single piezoelec- 
tric element. 



Claims 

1 . A fuel injector for use in an injector arrangement in- 
cluding a pumping plunger (50), a pump chamber 
(52) and a spill valve arrangement (40) for control- 
ling communication between the pump chamber 
(52) and a low pressure fuel reservoir, the fuel in- 
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jector comprising a valve needle (1 2) engageable 
with a seating to control fuel delivery through a fuel 
injector outlet opening, a first control chamber (25) 
being arranged such that the fuel pressure therein 
acts on a surface associated with the valve needle 
(12) and a second control chamber (44) being ar- 
ranged such that fuel pressure therein acts on a sur- 
face associated with the spill valve arrangement 
(40), and a piezoelectric actuator arrangement in- 
cluding a piezoelectric element (32) having first and 
second ends, the first end being associated with the 
spill valve arrangement (40) and the second end be- 
ing associated with the valve needle (12) such that, 
in use, operation of the spill valve arrangement (40) 
and movement of the valve needle (1 2) is controlled 
by controlling the energisation level of the piezoe- 
lectric element (32). 

2. The fuel injector as claimed in Claim 1 , wherein the 
fuel injector includes first and second piston mem- 
bers (22, 34; 22a, 34a), the first piston member (22, 
22a) being moveable with the first end of the piezo- 
electric element (32) and the second piston mem- 
ber (34, 34a) being movable with the second end of 
the piezoelectric element (32), movement of the first 
and second piston members being controlled by 
varying the energisation level of the piezoelectric el- 
ement. 

3. The fuel injector as claimed in Claim 2, wherein the 
first and second piston members (22, 34; 22a, 34a) 
are slidable within first and second bores (20, 36) 
respectively, the first bore (20) defining, in part, the 
first control chamber (25) and the second bore (36) 
defining, in part, the second control chamber (44). 

4. The fuel injector as claimed in Claim 2 or Claim 3, 
wherein the first piston member (22) has a smaller 
diameter than the second piston member (34) such 
that de-energisation of the piezoelectric element 
(32) to a first energisation level causes movement 
of the second piston member (34) to close the spill 
valve arrangement (40) so as to close communica- 
tion between the pump chamber (52) and the low 
pressure fuel reservoir, further de-energisation of 
the piezoelectric element (32) to a second, lower 
energisation level causing movement of the first pis- 
ton member (22) to move the valve needle (12) 
away from the seating. 

5. The fuel injector as claimed in Claim 2 or Claim 3, 
wherein the first piston member (22a) has a diam- 
eter greater than the diameter of the second piston 
member (34a) such that energisation of the piezo- 
electric element (32) to a first energisation level 
causes movement of the second piston member 
(34a) to close the spill valve arrangement (40) so 
as to close communication between the pump 



chamber (52) and the low pressure fuel reservoir, 
further energisation of the piezoelectric element to 
a second, higher energisation level causing move- 
ment of the first piston member (22a) to move the 
s valve needle (1 2) away from the seating. 

6. The fuel injector as claimed in any of Claims 1 to 5, 
wherein the second control chamber (44) is ar- 
ranged to communicate directly, by means of a sec- 

10 ond restricted flow path (46), with a supply passage 
(16) for supplying fuel under high pressure to the 
injector. 

7. The fuel injector as claimed in any of Claims 1 to 6, 
*5 wherein the first control chamber (25) is arranged 

to communicate directly, by means of a first restrict- 
ed flow path (28), with a supply passage (16) for 
supplying fuel under high pressure to the injector. 

20 8. The fuel injector as claimed in any of Claims 1 to 6, 
further comprising an injection control valve ar- 
rangement for controlling communication between 
the first control chamber (25) and a supply passage 
(1 6) for supplying fuel under high pressure to the 

25 injector. 

9. The fuel injector as claimed in Claim 8, wherein the 
injection control valve arrangement includes a con- 
trol valve member (60) and a third control chamber 
(64) for fuel, a surface of the control valve member 
(60) being exposed to fuel pressure within the third 
control chamber (64), the control valve member 
(60) being engageable with a further seating to con- 
trol communication between the first control cham- 
ber (25) and the supply passage (16). 

10. The fuel injector as claimed in any of Claims 1 to 9, 
wherein the spill valve arrangement comprises a 
spill valve member (40) which is slidable within a 
further bore (39) defining, in part, an additional 
chamber (42), the spill valve member (40) being en- 
gageable with a further seating to control commu- 
nication between the additional chamber (42) and 
a low pressure fuel reservoir. 

11. The fuel injector as claimed in any of Claims 1 to 

1 0, wherein the piezoelectric actuator arrangement 
includes a stack (32) of piezoelectric elements. 

12. The fuel injector as claimed in any of Claims 1 to 

11, the injector being of the type in which inward 
movement of the valve needle (1 2) within a nozzle 
body bore results in injection of fuel through the out- 
let opening. 
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